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TITLE 

MONOMER. POLYMER AND PROCESS 



MiniuniyiFrg pni VMt=R /IMH PROCESS 

The presBrt invention relates to a process for the eynlhesis of polymers 
^Hth a«« useful as supports in soW phase organic synthesis (SPOS) and to 

Intertnedtertea for use therein. 

PCT/QB99rt)2193 disdoses a series of novel polymer reeln supports which find 
use as supports m solid ph^ offlanio synthesis (SPOS). 

These polymer resins are of commercial Importance and there exists a need for 
Impnpved rnethods for their synthesis. We have found that certein novel monome.^ and 
resins find use In Improved routes to these polymers, 

Acx»rd!ng to a first aspect of ihe pnesent Invention there Is pnovided a monomer 
which comprises a protected hydrwPolyC.^ aikyleneocy chain attached to a 
polymerisable unit wherein the protected hydnoxypoIyC^alkylBneoxy diain contains from 
2 to 10 aikyleneoxy groups and wherein the hydncKypolyC:^* alMeneoxy chain is 
protected with an optionally substituted tfttyl group. " . 

The hydroxypoIyC^alkyleneoxy chains attached to the monomer according lo the 
present invention are often selected from hydroxy polyethyieneoxy (H0(CHiCH20)3.ia-), 
hydmxypolypropyieneoxy (Hp(CH^H{CH.)OW) and hydro^wolybuty^pcocy 
(HO(CH,CH(C^«)OW) chains. In a preferred embodiment of the invention the 
hvdroxypolyCg^lltyieneoxy chain is hydrwxypolyethyieneoxy. 

rhm number of C^^kyleneoxy gmupa in the hydroxypolyC^lIcyteneo)cy chain 
can range ftam 2 to 10. but is pi^ferabiy from 2 to 8 and more preferably from 3 to 5. 
Most pr^i^bly. ther« are four C^B^Vk^fienBC^ groups in the hyd««Q^polyC^licyleneoxy 

In a highly prefen^d embodiment of the invention the hydroxypolyC^^ilcyleneoxy 
chain" is hydroxytetraethylBneo)cy(HO(CHpH20)r)- 

The polymerisable unit of the monomer ^iceordlng to the present invention Is often 
selected from optionally substituted sty-enee, acryiatas and aciyiamldes. ^ P^^^^«=^ 
embodiment of the im«itton the polymerisable unit is an optionally substmi ted s^ne 

substituted methyls^ene. optionaiiy substituted eth^ (meth)acrylate. op^^cnaliy 
substituted p^pyi (meth)acrylate or oplbnally substituted N-methyl (meth)aayiam de. 

in a hiflhVprWcred embodiment of the im/entlon the polymerisable unit is an 

optionally substituted styrene or optionally substituted "f ^ ^nltartallv 

Whe.^ the polymerisable unit Is an optionally substHuted styr^ne or opjon^b^ 
substituted m^ylstyrene, the phenyl ring of the styi^ne is preferabb. optional^ 
substituted by 1 or2subsHtuents often sel^ from methyl, ethyl. pn:>pyl. fluoro. chloro 
and bromo. 



optionally substituted trttyl groups Include triphenylmethyJ mm. di- 
methoxyphenylphenylmethyl [dimetho^cy trftyq. melhoxyphenyWi-phenylmethyl 
rmoftomethoxy trityq, and 2-chlorophenyJdi-pheny1methyl pHShloratritya groups. 

In a most preferred embodiment of the invention, the monomer a compound of 
fonnula (1) 



R 



wlnereln 

is an optionally substituted ©ttiylene group; 
R^-* are independently hydrogen, hydrocarby). halogen, or hydrocart>yloxy: 
R9 is an optionally substituted trityl group: and 

n is 2 to 10. ^ 
Preferably. te a CH=CH2, CHt^CHCHa. or C(CH:^CH^ group. Most preferably. 

te a CH=CH2, 

Preferably, the R^O-C-Ca^aklyleneO-ln group is para to R'. 
Preferably. t-C„aklyIene^-l„ Is l-CH,CH^-L I-CH,CH(CH3)0-]„ or 
C-CHzCHCCaHeP-ln. Most preferably [-CHaCHp-ln. 

Preferably n te 2 to 8. more preferably n Is 3 1o 6. Most preferably n is 4. 

Pref^bly R** sif& all hydrogen. 
■ HydrocarbylirK:hjdes.alkyl,aryI.alkaryl and ar^M groups. Preferable when any 

of R** ere hydrocarbyl or hydrocarbyloxy groups the hydrocarbyl Is an alkyl group, mast 

'''^^'^T::^ncoor^n, to the «.t aspect of ^e present inver^on are useful Jr. 
polymerisation reacOone to torn, resins from which the polymer supports disclosed in 
PCt/GB98/02193 can be obtained. 

Accordingly, a second aspect of the present Invention provides a process for the 
preparatoon of a polynrier support comprising polynrterlsatlon of a monomer oompriang a 
p'teld hydn.^^^^^^ Chain attached to a ^^^ZTV:^^:^TJZ 

nroteoted hydroxypolyC^ alkyleneoxy chain contains ftom 2 to 10 .C«alkyleneoxy groups 
'"d ^erem the h^xypoiyC.. alhyieneoxy c^aln Is p^teded with an op^onally 
substituted trityl group, under conditions to produce eross^lnldng. 

^e nir^mer comprising a preteoted hydroxypoIyC.. alkyleneoxy 
to a poCnertsable unit wherein the protected hydroxypolyC.. alkyleneoxy chain conteins 
re^^^O t .iKVlenaoxy groups and wherein the WPolyC,.amyl^cxy chain^ 
p^ectfd v^th :n optior^ally substituted trityl group can be as described above In the flr^ 
aspect of the present invention. 




Opttonallyi In the process of the present Invention the monomer- compiising a 
protected hydrtoQ^polyCj^ alkyteneoxy chain attached to a polymerisable unit wherein the 
protected hydroxypolyCj^allcyleneoxy chain contains from 2 to 10 C„ alkyleneoxy groups 
and vtfherein the hydroxypoJyC^ alkyleneoxy chain is protected with an op.tlonaily 
substituted trrtyl group may comprise a mixture of isomers. 

Preferably, when a mixture of Isomers is used in the process of the present 
invention, the monomer is a compound of fomuila (1). iVIost preferably, the monomer fs a 
mixlur© of isomers whei^ R«0-I-Ca^lyl©ne-O-]„ group and occupy isomeric 
positions on th© pheny ring 

Pi^rably, in the process of the present Invention, the monomer comprising a 
protected hydroxypoiyCa^ alkyieneoxy chain attached to a polymerisable unit is co- 
polymerlsed in the pf^ence of a cross linldng monomer. 

The extent of crtiss linking In <h© polymers Is detemnined by the concentration of 
ct«ss linking monomer in the polymerisation reaction. Generally the weight % of cross- 
linking monomer is In the range of fixjm 0.1 Id 70%, commonly. f«m 0.6 to 20%. such as 
■ from 1 l» 10%, and most preferably no more than e% by weight. Polymers comprising no 
more than 20% by weight of cross-ltnldng monomer are generally swellable. whilst 
polymers comprising greater than 20% of crossUnking monomer are generally not 

sweliable. . 

Suitable craes-llnWns monomers Include dwinyl benzene (DVB) or muitrftjnctional 
(m©lh)aciylales such as dUtri acrylates or diflri methacrylatea such as ethyiene glycol 
diacrylate ethylene glycol dimethacrylate. trimelhyiopropane trimethacryiate, 
triviriylbeiizend or N.N'4>l8-aciyloyi ethylene diamine. Preferably the cross-linidng 
monomer is DVe. 

Preferably 0.5 to 5% by weight of DVB is used. Most preferably 1 to 3% by weight 

DVB is used. ._, 

OptionaHy, in the process of the present invention, the monomer comprising a 
protected hydtoypoiyC^aikyleneoxy chain attached to a polymerisable unit Is co- 
polymerised In the presence of one or more monomers selected from styrenes. for 
example styr^e. hydroxyslyrene. msthybtymne. hydroxymethytetyrene and 
chloromethylstyrene, e^re of acrylic acid and esters of (meth)acryHc acid, for example 
methyl acrylate. ethyl acrylate. methyl methacrylate. ethyl acrylate. hV^^^' 
(meth)acrylate and hydioxyprppyl (meth)aavlate. and aoylamldes. for example ^^m^^^ 
acrylamlde and N-methylol (meth)a«5rylamide; wheraln the phenyl ^ ^^fj^""^^^ 
opflonally substituted by 1 or 2 substHuents often selected 1mm methyl, ethyl, propyl, 
fluoro. chloi^ and bromo and wherein hydroxy gmups. especially phenolic hyd>^ 
graups, which may be present in the monomer, are optionally protected and may 
subsequerttly be deprotected. 




In a preferred process of the present inventlpn. ihe monomer oomprfaing a 
prot8«^Bd hydraxypolyCMalkylenecwy chain attached to a polymerisable unit wherein the 
ppcrtected hydroxypolyCa^alkyleneoxy chain contains ifrom 2 to 10 C>4 alkyleneoxy groups 
and wherein the hydroxypolyC„ alkyleneoxy chain is protected with an optionally 
substituted trltyl group Is oo-polymerised In th« presence of one or more cross linking 
monomers, and one or more monomers selected tVonn styrenes. esters of aciyttc add and 
esters of (meth)ec«y«c add, or acrylamldes. 

In a highly pi^fen^ process of the present invention, the monomer compnslng a 
protected hydroxypolyCa^ alkyleneoxy chain attached to a polymerisable unit wherein the 
protected hydmxypoIyC^alkylensojty chain contains froiti 2 to 10 alkyleneoxy groups 
end wherein the hydro5<ypolyC2-i alkyleneoxy chain is protected with an optionally 
substitutBd tiltyl group Is co-poJymerlsed In the presence of DVB and alynene. • 

When the polymer support Is produced by polymerisiafion of a mixtuna of 
monomera comprisinS the monomer comprising a protected hydroxypolyC^ alkyleneoxy 
chain attached to a polymerisable unit wtierein the protected hydroxypolyC^ alkyleneoxy 
chain contains from 2 to 10 C^^alkyleneoxy groups and wherein the hydroxypolyC^j 
alkyleneoxy chain is protected with an opHonahy substituted trltyl group, and one or more 
rrtcinomers selected from ©tyrenes. ^ra of ataylic add and esters of (meth)acry!ic add. 
or acrylamldes, the weight percentage erf the ryipnomsr comprising a protected 
hydroxypolyC^alkyleneoxy chain attadied to a pdymerieable unit of the total weight of 
the monomei^ present is preferably in the i^nge of from 1-89%. more preferably in the 
tang© of frxim 6-80% and most preferably from 1 B% to 70%. 

the prwesB of the present invention Is preferably carried out by aqueous 
suspension polymerisation. The monomers are suspended as droplets <1-iq00|am) In 
water Stebilisei^ are usually added to prevent agglomeration of the droplets, for 
example polyvinyl alcohol. polyacryUo acid, polyvinyl pyrfolidone. polyalkylene oxide, 
barium sulphate, magnesium sulphete or sodium sulphate. Tti6 suspension is also 
normally stln-ed to maintain the suspension. 

Optionally, organic non-water misdble solvents may be used in the polymerisation 
process. Oi^anlc non-water mfedble solvents may assist droplet fonnatlon In aqueous 
sUBpernslon poiymerisaHon. or may act as porogens. 

Optionally Inorganic salts may be added to the aqueous phase In aqueous 
suspension polymerisation. Inorganic salts my assist droplet fbmiatlon by suppressing 
monomer solubility inlhe aqueous medium. 

A free radical initiator is preferably used to Initiate polymerisation. The lype of 
Initiator will genei^Iy be seleded based oh the monomers used. Examples of preferred 
fr©& radical Initiators Include benzoyl peroxide, dioctanoyl perox.de, 2.2- 
5bislsobutyronltrile and 2,2'-azoblB(2,4-dlmethylvaleronltrlle). 




Polymerisation Is typically assisted by heating the mbdure irt the range of to 
160K:. prtefembly 50°C to 9(PC. it will b© recognised that the temperature to which the 
mixture can be heated depends upon the type of mononner and Initiator employed. 

The resultant polymer mey then be washed with suitable solvente such as 
tetrahydroftiran» methanol and water, dried and bead size dassified. for example, by 

sieving. . . 

Accoidingly a further espect erf the piesent Invention provides a polymer support 
which comprises protected hydroxypolyC« alkyteneoxy chains attached to a cross-linked 
polymer wherein the protected hydroxypolyC.^ aikylenecxy chain contains from 2 to 10 
C,.4 alkyteneoxy groups and wherein the hydroxypolyC^aikyieneojQ^ chains are protected 
with an ofrtlonaliy substituted trityl group. 

Preferably, the polymer support of the present applicatlan la obtainable by the 
process of the second aspect of the present Invertiion. 

The invention. In Its broadest asped. lelates to the particular polymer supports 

however prepared. ' ^ ^ , • ^ 

The optlonaUy substituted trilyl group may subsequently be removed to give tne 

cross-linked polymer containing free hydroxy groups. ^ 

Methods appropriate tor removal of the optionally substituted trilyl group include, 
for example, add- hydrolysis. Commonly a mixture of trifluorpecellc acid in methylene 
chloride can be employed. The reader is refened to Advanced Organic Chemistiy. 4 
Ediflon. by Jerry March, published by John Wiley ft Sons 1S92. for general guidance on 
reaction conditions and reagents. . 

Preferably, when the protecting groups are removed the resulting polymer support 
has from about 0.1 to about S meq free hydroxy groups per gram of polymer. 

Cross-linked polymers containing a free hydroxy group are usualty produced as 
beads which range in size from lOnm to 2000pm. Prefenably the bead siz^ Is from 50pm 
to lOOOjvm and most preferably Icom 75pm to 600i*m. The c^^^ttnked polymer beads 
ar^ genarally produced by an aqueous auspenslon polymerisation process. ^^^^"^P^ 
see Journal ^ Applied Po^er Science. 19B2. 2Z. 133-138. Incorporated herein by 

referent^ polymer support obtained when the protecting gmups are removed from the 
support according to the present Invenlion has a hydroxy functionality df from 0.1 to about 
6. fdr example up to 4.8 meq (milfiequlvalents) of hydn»cy per grjam of Pf^^^'^J^^ 
from 0.S to 3.B. commonly 1.0 to 3.3 meq per gram for ««mple from 1.5 to 3 i^eq per 
gTm of polymer. In many embodiments, the polymer support obmrned when the 
orotecUng groups are removed have from 0.5 to 2 meq of hydroxy per gram of polymer 

The^rtvenecn will now be desoribed, without llmHation. by the following examples 
In which, unless othentffee stated:- 



jFii-i uT^Ti/su-i.inf^ J **e;cT tjrpi^J— iLw-Q^ 



6 



a) FT-'IR spectra were obtained ising swollen g^s In ditdiloromettian© held between 
sCKBum chloride plates, and an ATI <3enesis (Matleson)spectrc>meten 

b) magic angle (MAS) NMR spectra were obtained using solvent swollen gels in the 
njtor of a Bruker MAS pr-obe on a 400MHz NMR spectronneter. 

c) yields are given for Illustration and are not necessarily the maximum attainable, 

d) Ihe following abreviations have . been used: THF = tBtrahydrofuran, DMF = 
N.N-dlmerhyWtormamKte. FMOC === HuorenylmethoxycarbDnyl, PEG = 
polyethylenegiycol and THP = tetrahydropynanyi. 

Examples 

Preparfdion of trUyKtetraethyieneglycoxystyrene 
STAGE 1 

Tetraethyleneglycol (174g, O.Smol) was placed in a 3 necked round bottom flask fitted 
with a thermometer and reflux condenser. Pyridine (11cm^ O.ISSmoO was added to the 
mixture stinBd. Triphenylmethylchloricie (25g. 0.09mol) was dissolved in toluene (30cm°) 
and this solution was added slowly to the mixture. The mixture was heated *o SCTC and 
the temperature nnalniained iac 1h. 

The mixture was allowed to cool and toluene (200cm^) was added to the flask. The 
solution was extracted with water (SOOcm"). The aqueous phase was back extracted with 
toluene (2 x 100cm'). The organic layers were combfried and washed with water (2 x 
1 0Ocm^)^ dried over l\rtgSOa and filtered. The toluene was remaved by evaporation under 
reduced pressure to yield a pale yellow oB (yield 38.5g, 98% based on trityl). 

STAGE 2 

Moino(lrHyi)tetra©lhyleneglycol (30q, 0.069mol). 4-toluenesulfonyl chloride <14.4g, 
0.076mal) and dry tetrahydnrfuran (50cm') were placed In a 3 necked round bottom flask 
fitted with a themiomeler and reflux condenser. The flask was placed in a dry-tee bath 
and the mtxtui^ allowed to cool to - A solution of KOH {25.2g, 0.45mol) in water 

(100ci«») was.added drop-wise over a period of 1h while* maintaining the temperature at 
<0''C. Pollowing the addiUon the reactton mixture was stirpsd for 1h whilst allowing the 
sQlution to warm to ambient. 
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The solution was extracted wHh diethylether (3 x ISOcm^). the ether layar was dried ovei 
MgS043fntBred and evaporated under reduced pressure. The solid was washed with 
MeOH and dried under vacuum (yield 34.3g. 85%). 



STAGES 

NaOMe (0.€5g. 10.2nimol) was dissolved in the nrilnimum amount of N.N- 
dimethyhfbrmamide (DMF) and added to 4-ac8toxystyrene (1.3cni^. a.Snnmol) contained in 
a round bottom flask. This soIuUon was stirned at ambient for 46mln then a solution of the 
tosyl derivative of mono(trltyi)tetraethyleneglycbI {6g, B.5mmol) in DMF was added. Th& 
reaction was allowed to continue overnight at amWent 

The DMF was removed by evaporation under reduced pressure. The oil remaining was 
dissolved in Isopropylacetate and extracted with water The organic layers were 
combined, dried over MflSO* and filtered. The solvent was removed by evaporation 
under reduced pressure to leave a pale yellow oil that crystallised on standing (yield 3.Sg, 
77%). 



a 



CLAIMS 



1. A mononier which comprises a protected hydroxypolyCz^ alkyleneoxy chain 
attached to a polymeriaable unit wherein the pmoteclBd hydroxypolyCw alMeneoxy chain 
contains from 2 to 10 C^^* alkyleneoxy gtxaups and wherein the hydroxypolyC^^ 
alkyleneoxy chain Is protected with an optionally substltated trityl group. 

2. A monomer of tomiula (1 ) 



wherein 

Is an optionally substituted ethylene group; 
R** are* Independently hydrogen, hydnocarbyl. halogen, or hydrocarbyloxyi 
R,^ is an optionally substituted trityl group; and 
nis2to10. 

3. A process for the preparation of a polymer support comprising polymerisation of a 
monomer comprielng a protected hydroxypoiyCw alkyleneoxy chwn attached to a 
polymerisaM© unit wherein the protected hydroxypolyCz^ alkyleneoxy chain contains from 
2 to 10 Cj^ all<yleneoxy groups and wherein the hydroxypolyCz^ alkyleneoxy chain is 
protected vtm an opflonaliy substituted trityl group, under conditions to produce cross- 
linking. 

4. A polyrner support which comprises protected hydroxypoiyQw alkyleneoxy chains 
attached to & cross-linked polymer wherein the protected hydroxypolyC„ alkyleneoxy 
chain contains from 2 to 10 Ca^ alkyleneoxy groups and wherein the hydroxypolyCa^ 
alkyleneoxy chains are protected with an optionally substituted trityl group. 

5. A polymer support obtainable by the process of Claim 3. 
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